This study aims to offer a new estimate of the hedonic price function of residential areas in Japanese metropolitan areas, focusing on the reasons for residential preferences. More specifically, it introduces two new explanatory variables-'regional vulnerability' and 'accessibility to destination stations'-and determines their usefulness. Based on the evaluation done in this study, the hedonic price function mentioned above showed 60% interpretability (as compared to 52% interpretability by hedonic price function using only conventional explanatory variables.) In addition, the significance level of both the explanatory variables was low, and the land price changed by 9% as the regional vulnerability changed by 1 grade. Furthermore, residents placed great emphasis on both variables. This made it evident that the introduction of the two explanatory variables that reflect the reasons for residential preferences specific to Japanese metropolitan areas was reasonable.
Introduction
Worsening financial conditions across the globe call for efficient public investment plans and correct measurement of investment effects. Land prices are an important element (Mikanagi and Morisugi 1981) in this regard. In addition, land use models that address changes in land use due to public investments show that prices play a key role in location behavior mechanism (Nakamura et al. 1981) . Therefore, improvement in measurement accuracy is important in order to estimate price functions that can accurately grasp the changes in land price structure caused by public investments. The hedonic approach is generally used as a land price estimation method. It is a statistical method that can grasp how differences in environmental conditions are reflected in differences in land prices, and measure the environmental value based on such information. However, in most metropolitan areas with a mix of factors, the estimation accuracy for land prices tends to be lower.
Residential preferences in metropolitan areas is one reason why estimation accuracy for land prices tends to be lower. Local population density and rental prices tend to decrease the farther you are from the central business district (bid rent theory). This indicates that residents place importance on accessibility to the city center or the central business district. However, with development of the railway transportation system in metropolitan areas, it is necessary to focus on accessibility to and characteristics of destination stations. In addition, regional vulnerability is another reason for residential preferences-disasters can be severe in metropolitan areas and can cause largescale damage owing to overcrowding with people and workplaces. This study, thus, aims to offer a new estimate of the hedonic price function for residential area in Japanese metropolitan areas, focusing on the reasons for residential preferences, as mentioned above.
Related Work
The present study is categorized as an analysis of the estimation of residential land prices using the hedonic approach. The following are representative examples of studies closely related to it. Tse (2002) estimated neighborhood effects on house prices in Hong Kong. Kim et al. (2003) developed a spatial-econometric hedonic housing price model that estimates marginal improvements in air quality in the Seoul metropolitan area. Fik et al. (2003) proposed an interactive variables approach and tested its ability to explain price variations in an urban residential housing market in Tucson, Arizona. Shimuzu (2004) estimated price functions using transaction price, with apartments as a target. Ismail (2005) developed a hedonic model of housing markets using Geographical Information System (GIS) and spatial statistics, and applied it in Glasgow, Scotland. Shimuzu and Karawatari (2007) used an estimation method focusing on spatial autocorrelation to estimate land price function in the 23 wards of Tokyo (the largest city and capital of Japan). Hill and Melser (2007) compared house prices in 14 regions of Sydney over six years, using the hedonic approach. Kutsuzawa (2008) indicated that in the 23 wards of Tokyo, areas with higher crime rates had lower residential land prices. Aikoh et al. (2008) grasped the effects of greenery maintenance on residential land prices in Sapporo. Cohen and Coughlin (2008) compared various spatial econometric models and estimation methods in a hedonic price framework to examine the impact of noise on housing prices near the Atlanta airport. Tokuda (2009) quantitatively grasped the factors that impact residential land prices in Shiga prefecture, and indicated that around 80% of residential land prices can be expressed using Equation (1) Gouriéroux and Laferrèreac (2009) studied the quarterly hedonic housing price indexes that have been calculated for more than 10 years in France. Conway et al. (2010) analyzed greenspace contribution to residential property values in a hedonic model in Los Angeles. Wanatabe and Koshimizu (2012) grasped the effect of linear greenery on residential land prices in Sapporo. Oana and Hofe (2012) empirically assessed the impact of brownfield sites on the market values of single-family residential properties in Cincinnati, Ohio. Wei et al. (2015) investigated the impact of neighborhood walkability on property values by analyzing single-family home sale transactions in Austin, Texas. Feng and Humphreys (2016) estimated the intangible benefits of two sports facilities on residential property values in Columbus, Ohio. Winke (2017) assessed the implicit valuation of aircraft noise by looking at changes in list offer prices for owner-occupied apartments around the Frankfurt airport. Mittal and Byahut (2017) assessed the implicit willingness to pay for visual accessibility of voluntarily protected, privately owned, scenic lands based on single family houses in Auburn, Alabama.
Based on the background mentioned in the previous section, this study will install two explanatory valuables-'regional vulnerability' and 'accessibility to destination stations'-into a hedonic price function. In this respect, Yamaga et al. (2002) grasped the impact that regional vulnerability has on land prices in Tokyo. Nomura et al. (2009) comprehended how the Great Hanshin Earthquake (1991) affected residential land prices in Kobe. Due to this earthquake and the Great East Japan Earthquake (2011), regional vulnerability became the most important reason for residential preferences in Japan. The probability of occurrence of major earthquakes is high in all parts of Japan; earthquakes attract more attention than other natural disasters. There are concerns that a large-scale earthquake might hit the Tokyo metropolitan area in the future. Jang et al. (2000) focused on network expansion by means of railway maintenance in urban areas, and proposed a network accessibility indicator. Syabri (2011) grasped the influence of railway stations on residential property values in Indonesia using a spatial hedonic approach. Dziauddina et al. (2013) investigated the increased land value (in the form of house prices) as a result of improved accessibility owing to the construction of Light Rail Transit (LRT) systems in Klang Valley, Malaysia. With the network accessibility indicator proposed in Jang et al. (2000) as a reference, the present study will propose "accessibility to destination stations" as a new indicator that quantitatively evaluates the convenience of each station. Though railway transportation is the largest means of conveyance to offices or schools in the Japanese metropolitan areas, the average travel time is 94 min in Tokyo and 85 min in Osaka (the second-largest city), according to the Ministry of Internal Affairs and Communications (2016) . Therefore, accessibility to destination stations, including major stations or the closest stations to workplaces or schools, is another significant reason for residential preferences in Japanese metropolitan areas.
The variables of 'regional vulnerability' and 'accessibility to destination stations' were not simultaneously considered, in the studies mentioned above, as important reasons for residential preferences specific to Japanese metropolitan areas. Therefore, based on the results of the researches described above, this study will demonstrate originality by introducing these two explanatory variables in estimations of residential land prices using the hedonic approach, and estimating price functions for residential areas in metropolitan areas in Japan.
Framework and Method

Framework and Process
The overview of hedonic price function for residential areas estimated in the present study are introduced in Section 4. Next, the data used for the explanatory variables of the hedonic price function in the present study, is collected and processed (Section 5). Additionally, for the target area in the present study, the distribution of residential land prices are visualized on digital maps and advanced settings for the target area are made by extracting specific areas. The present study uses ArcGIS Ver.10.1 of ESRI as GIS. In Section 6, a hedonic price function for residential areas is estimated in detail. Lastly, in Section 7, by comparing the hedonic price function using the conventional explanatory variables, the newly estimated hedonic price function in the present study is evaluated, and the results obtained from the evaluation are examined.
Method
Hedonic Approach
Residential land prices differ depending on attributive conditions, such as distance to the closest station, width of the road in front of a residential area (width of the frontal primary road), distance to the city center, and gas maintenance area. The most effective method in this case is the hedonic approach, which considers land prices in the housing market as an aggregation of various attributes (attribute collection) and makes estimations by multiple regression analysis of statistics.
In the hedonic approach, land prices are expressed by an equation called the hedonic price function, comprised of a collection of attributes as shown in Equation (1). By estimating the hedonic price function, the value consumers place on the attributes mentioned above can be made evident. The biggest benefit of using this approach is the ability to eliminate arbitrariness (as much as possible) in the subjective evaluation of the environment and demand an evaluation criterion for an objective indicator that highlights the attributes of each area. Therefore, the purpose of the present study is to estimate the hedonic price function for residential areas, and improve the estimation accuracy for residential land prices.
Details of the Methods
In addition to the explanatory variables based on public data of residential land price provided by the Ministry of Land, Infrastructure, Transport and Tourism (MLIT), this study will estimate price functions for residential areas using the hedonic approach with 'regional vulnerability' and 'accessibility to destination stations' as new explanatory variables. The explanatory variables based on the public data are used in most general hedonic price functions for residential areas in Japan. However, in the present study, in order to estimate a new hedonic price function that is suitable for Japanese metropolitan areas, the above two new explanatory variables are proposed, taking into consideration the specific reasons for residential preferences, as explained in detail in Section 2.
Next, a hedonic price function for residential areas is estimated using the conventional explanatory variables, based only on public data of residential land price mentioned above. Additionally, by comparing this function with respect to significance and suitability, the present study evaluates the newly estimated hedonic price function for residential areas. Furthermore, in order to eliminate the effect of investment-related factors as much as possible, the data being used is that of January 2013, which was just before the decision to host the 2020 Olympics and Paralympics in Tokyo was taken.
Selection of Target Area
The target area in the present study is the entire Tokyo, excluding urbanization control areas in the Tama area. Accordingly, 1528 cases from the public data of residential land price provided by the MLIT are considered as targets.
Overview of Residential Land Price Estimations
Overview of Function
The hedonic price function for residential areas is expressed in a multiple regression equation based on ordinary least square (OLS). In this study, land price per 1 m 2 is set as an objective variable, which is expressed in combination with explanatory variables described in the following section. There are three types of combination methods for explanatory variables: the all-possible regression method, the variable specification method, and the sequential selection method. As there are several explanatory variables that help estimate the hedonic price function for residential areas, this present study will use the sequential selection method to identify the best. Additionally, this method has three types-the forward selection method, the backward elimination method, and the stepwise method. Among these, the stepwise method is used in the present study, as it offers the highest possibility of obtaining efficient variable combination, and is the most-used method in previous studies in the related field. Furthermore, the stepwise method offers a clear process to select appropriate variables, based on a constant standard.
The estimation results of the two kinds of hedonic price functions for residential areas (using all explanatory variables and the sequential selection method) are compared in Sections 6 and 7. The main purpose of this study is to estimate a new hedonic price function for residential areas that reflects the reasons for residential preferences specific to Japanese metropolitan areas, based on the most general function in Japan.
Overview of Explanatory Variables
Configuration of Explanatory Variables
The list of explanatory variables used for the most general hedonic price function for residential areas, based on public data of residential land price provided by the MLIT, is shown in Table 1. Table 2 lists the two new explanatory variables. As the distance to Tokyo station (shows the distance to the city center, which is the central business district) is an important explanatory variable according to the bid rent theory (see Section 1), the present study will use this variable as well, just as previous studies in the related field did. 
Variables
Explanatory Variables Overview
Quantitative variables As mentioned in Section 1, regional vulnerability is considered to be one of the reasons for residential preferences. According to the Tokyo Metropolitan Ordinance for the Countermeasures for Earthquake Damage, each district of each municipality in Tokyo is divided into five grades based on regional vulnerability; this information is made public. Therefore, the regional vulnerability of each district of addresses taken from public data of residential land price provided by the MLIT will be used as quantitative variables.
Accessibility to Destination Stations
As mentioned in Section 2, Jang et al. (2000) focused on network expansion by means of railway maintenance in cities, proposed a network accessibility indicator, and showed network accessibility (N.A.) in Equation (2). Based on this N.A., the present study will apply Equation (2) to stations in the Kanto area with over 75,000 passengers a day, selected from stations closest to the addresses in the public data of residential land price provided by the MLIT. Additionally, the X ij in e −βX ij ∼ = 0 is set as an invariable, and the reason for this is mentioned below:
N.A.: Accessibility value.
αt ij : Time between stations ij (min). X ij : Maximum transportation capacity between stations ij (10,000 people).
N j : Number of people getting on and off at station j (arrival station) (people).
α, β: parameter (α, β > 0).
"Accessibility to destination stations" is proposed on the basis of residents' reasons for residential preferences. It denotes approachability to destination stations such as major stations or stations closest to workplaces or schools. It is appropriate to use the number of incoming and outgoing passengers outside rush hour for destination stations, and outgoing and incoming passengers during rush hour in the morning and afternoon, respectively, for stations closest to workplaces or schools. However, as there is no hourly passenger data for each station and the destination station could not be assessed, the present study will use daily passenger data of the number of people getting off and on at each station. In order to extract destination stations (measurement of target stations for accessibility to destination stations), as described in the following section, a specific number of incoming and outgoing passengers was set as a condition (in the present study, the daily number was set to 75,000 people). On the other hand, the reason why X ij in e −βX ij ∼ = 0 was set as an invariable was because there would be no issue with assuming X ij (maximum transportation capacity between stations ij) ∼ = ∞, as it is rare for passengers to have to wait for the next train due to not being able to get on the previous train, even during peak rush hour, in metropolitan areas. Table 3 lists the data used for explanatory variables in the present study. Public data of residential land price in 2013 provided by the MLIT was used. To eliminate causes of error due to the decision to hold the 2020 Olympics and Paralympics in Tokyo, data closest to when they were decided was used.
Collection and Processing of Data
Collection of Data
Address (Public data of residential land price by the MLIT)
The public data of residential land price in 2013 provided by the MLIT was used to calculate the distance to Tokyo station.
Regional vulnerability (District-based assessment of vulnerability to earthquake disaster (No. 7) (Bureau of Urban Development, Tokyo Metropolitan Government 2013))
Because the public data of residential land price in 2013 provided by the MLIT was used, the data of regional vulnerability in 2012 was used.
Number of incoming and outgoing passengers (Digital national land information (Ministry of Land, Infrastructure, Transport and Tourism n.d.))
Because the public data of residential land price in 2013 provided by the MLIT was used, the data of incoming and outgoing passengers for each station in 2012 was used to calculate accessibility to destination stations.
Time between station (Transit (Service of train line information) (Yahoo! n.d.))
The search system in 2017 was used. As the search system allows for extra time when calculating the required travel time, conditions such as "fastest route" or "earliest arrival" was selected to calculate the value of accessibility to destination stations.
Processing of Data
Distance to Tokyo Station
With Tokyo station set as the city center, which is also the central business district, the linear distance from addresses (using public data of residential land price provided by the MLIT) was calculated. Latitude and longitude was obtained using the Geocoding API of Google Maps, and the linear distance was calculated by using the Hubeny equation, as shown in Equation (3). If any of the public data of residential land price provided by the MLIT was not found using this method, the process was manually done.
x 1 , y 1 : Longitude and latitude of point 1; x 2 , y 2 : Longitude and latitude of point 2. a: Equatorial radius (6,378,137.000); b: Polar radius (6,356,752.314) .
, e = a 2 − b 2 a 2 .
Accessibility to Destination Stations
The following describes data processing that helped calculate the values of accessibility to destination stations, as well as the reason why '75,000' was set as the threshold value for incoming and outgoing passengers at target stations in the Kanto area.
(1) t ij (minimum time required between stations ij)
The required travel time, according to search results of transit (a service of train line information) provided by Yahoo! Japan, only calculates the time spent on the train and does not take into consideration the time spent waiting for the train. Therefore, departure time of 7:51 to 8:10 on a weekday was set by the minute, and the average of required travel time for each departure time was determined as the minimum time required in the present study. The reason for this is that: (a) the average of waiting time and transfer time is taken into account; (b) it is centered around 8:00 on a weekday, which is peak rush hour and there is hardly any waiting time; and (c) each station has at least three trains stops in an hour during peak rush hour, which allows for a more accurate minimum travel time to be calculated.
(2) N j : Incoming and outgoing passengers at station j If one station has multiple train lines, the number of incoming and outgoing passengers at stations with the same name on different train lines will be combined.
In the present study, X ij (maximum transportation capacity between stations ij) was converted to be the same for all stations. α, β can be any value, as the values of accessibility to destination stations are relative. Due to such reasons, it was determined that α, β = 1.
(4) Threshold value of incoming and outgoing passengers at target stations for accessibility to destination stations In order to set the threshold value of the number of incoming and outgoing passengers at target stations, sensibility analyses of the values of accessibility to destination stations (all stations in the Kanto area) were conducted. More specifically, the number of incoming and outgoing passengers when the change rate of the values of accessibility to destination stations was the highest was set as the threshold value.
First, as shown in Table 4 , with 50,000 people (which is the minimum incoming and outgoing passengers for major stations) as the minimum value, a sensibility analysis of the total values of accessibility to major stations was conducted in increments of 10,000 people. t ij (minimum time required between stations ij) is the required time, based on search results with departure time set at 8:00 on a weekday. As Table 4 clearly shows, the highest change rate of incoming and outgoing passengers was 70,000 people. Based on this result, 70,000 incoming and outgoing passengers was set as the minimum value as shown in Table 5 , and a sensibility analysis of the total values of accessibility to major stations was conducted in increments of 1000 people, in the same way as Table 4 . As Table 5 clearly shows, the highest change of incoming and outgoing passengers was at 75,000 people. Therefore, the threshold value of 75,000 people was determined. 
Visualization of Residential Land Price Distribution and Advanced Settings for the Target Area by Means of GIS
As shown in Figure 1 , the distribution of residential land price in the target area in the present study was visualized using GIS, and areas with unusually high land prices were visually confirmed. From Figure 1 , it is evident that land prices increase towards Tokyo station, and some residential land prices were abnormally high in Minato-ku, Chuo-ku, and Chiyoda-ku. This is because these three wards are in the city center and extremely close to the business district, which has several residential investment properties. Therefore, in order to eliminate these three wards from the target area, 1485 cases from public data of residential land price provided by the MLIT was made the target in the present study. 
Estimations of Hedonic Price Function for Residential Area
In this section, 'R' will be used to confirm the multicollinearity of explanatory variables, and estimate the hedonic price function for residential areas. R is a programming language, an opensource free software for statistics analysis. 
Advanced Settings for Explanatory Variables
Estimations of Hedonic Price Function for Residential Area
In this section, 'R' will be used to confirm the multicollinearity of explanatory variables, and estimate the hedonic price function for residential areas. R is a programming language, an open-source free software for statistics analysis.
Advanced Settings for Explanatory Variables
After confirming the data using dummy variables, the results showed that "gas condition", "water condition", "sewage condition", as well as "forest area/nature parks/nature conservation area" were all in the same condition in the target area. With regards to "urban planning area", there was only one urbanization control area. For these reasons, the five dummy variables mentioned above were excluded from the explanatory variables. Additionally, "municipality division" remained the same in the target area, only with cities and wards. By means of such advanced settings for explanatory variables, 1484 cases from the public data of residential land price provided by the MLIT were chosen as targets. As there were some addresses with eight options for "direction of frontal road", and as an error may occur when estimating the hedonic price function for residential area, data with one direction was eliminated from the explanatory variables. In addition, taking into consideration the direction most houses in Japan tend to face, it was decided that the present study would exclude "direction of frontal road (southeast)" from the explanatory variables. Based on the above, Table 6 lists the explanatory variables used in the present study, and Table 7 shows their basic descriptive statistics. Regarding Table 7 , the number of data is 1485 as mentioned in Section 5.3. 
Estimations of Hedonic Price Function for Residential Area
By applying the stepwise method as mentioned in Section 4.1, the hedonic price function for residential areas in the present study was estimated as shown in Table 8 . It is evident that 60% of residential land prices in the target area can be expressed using Equation (4) 
Determining the Multicollinearity of Explanatory Variables
The multicollinearity of explanatory variables is determined in this section. In multiple regression analysis, as the prediction model is made up of a combination of 1 objective variable with 2 or more explanatory variables, each explanatory variable must be independent. However, as land prices are a result of many contributing factors, some attributes may be correlated. Appropriate predictions may be difficult, if explanatory variables have a significantly strong correlation. Such an issue is called the multicollinearity issue.
Variance Inflation Factor (VIF) is used to determine multicollinearity. Generally, VIF is preferably 2 or less; it is a multicollinearity issue if the results are 10 or over (Uchida 2011) . The present study focuses on this point, and determines whether the VIF of each explanatory variable was 10 or under, after estimating the hedonic price function for residential areas. Table 9 lists the VIF of each explanatory variable. The VIF of each explanatory variable was under 10 indicating that there is no problem of multicollinearity. 
Evaluation of Hedonic Price Function for Residential Area
Estimation of Hedonic Price Function for Residential Area Using Conventional Explanatory Variables
'Regional vulnerability' and 'accessibility to destination stations' were excluded from explanatory variables, and in the same process as described in Section 6, hedonic price function for residential area was estimated as shown in Table 10 . Around 52% of residential land prices in the target area using only conventional explanatory variables can be expressed using Equation ( Note: *** indicates significance at 0.1% level, ** at 1% level, and * at 5% level.
Evaluation and Examination of Hedonic Price Function for Residential Area
In this section, the hedonic price function using only conventional explanatory variables and the newly estimated hedonic price function is compared and evaluated, and the results are examined. As Tables 7-9 clearly show, there was no large difference between the results obtained using all explanatory variables and the sequential selection method.
According to the freedom-corrected determination coefficient R 2 , which indicates adaptability degree, the interpretability of the newly estimated hedonic price function in the present study is around 60%, while that of the hedonic price function only using conventional explanatory valuables is around 52%. As Table 8 shows, it is hard to say that the value of R 2 was high. However, by adding two explanatory variables-'regional vulnerability' and 'accessibility to destination stations'-that reflect residents' reasons for selecting regions unique to Japanese metropolitan areas, the interpretability increased by 8%. Additionally, as both of these explanatory variables have a low significance level with a low p value, they are extremely important for estimating hedonic price function for residential area in Japanese metropolitan areas. Based on the characteristics of the calculation equation of accessibility to destination stations where the significance level is extremely low, regardless of the exponential changes in value, it can be said that residents place great emphasis on accessibility between the closest station and destination stations. Additionally, regarding regional vulnerability, land prices are affected by 9% if the degree of regional vulnerability changes by 1 grade as indicated in Table 8 , which shows that this is another important consideration point for residents.
Conclusions
The estimation of hedonic price function for residential area accomplishes an important role in improving measurement of investment effects. The present study introduces and determines the usefulness of two new explanatory variables-'regional vulnerability' and 'accessibility to destination stations'-that reflect the reasons for residential preferences specific to Japanese metropolitan areas. The hedonic price function in the present study was evaluated on comparison with the hedonic price function using conventional explanatory variables (with respect to significance and compatibility).
The evaluation shows that while the hedonic price function using only conventional explanatory variables had a 52% interpretability, the hedonic price function with the two new explanatory variables was greater with 60% interpretability. Additionally, it was evident that the significance level of the new explanatory variables was low, and land price changed by 9% as the regional vulnerability changed by 1 grade. Furthermore, it is also evident that residents placed great emphasis on both 'regional vulnerability' and 'accessibility to destination stations'. Thus, their introduction as explanatory variables that reflect the reasons for residential preferences specific to Japanese metropolitan areas was reasonable.
However, it was confirmed that the estimation accuracy by means of hedonic price function for residential area in the present study was low in the three wards in the city center excluded from the target area; this point must be addressed. Additionally, since residential development as well as maintenance of the railway transportation system are simultaneously implemented in Japanese metropolitan areas, it is necessary to consider explanatory variables that reflect the differences in train lines. Furthermore, Hyogo and Isoda (2017) proposed a "general average distance to work" as a new explanatory variable for hedonic price function for residential area. This is based on the idea that the demand for residential properties is decided according to population density and commuting expenses. Bonetti et al. (2016) used a hedonic approach to analyze the effect of water proximity and quality on residential housing prices in the province of Milan, focusing on "spatial dependence" and using spatial regression analysis. On the other hand, it is important to try new techniques such as the regularized (penalized) regression model. Based on the points mentioned above, this is a subject for further research, especially to improve the estimation accuracy for residential land prices.
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